Braz LG, Braz DG, Cruz DS, Fernandes LA, Módolo NSP, Braz JRC. Mortality in anesthesia: a systematic review. Clinics. 2009;64(10):999-1006. This systematic review of the Brazilian and worldwide literature aims to evaluate the incidence and causes of perioperative and anesthesia-related mortality. Studies were identified by searching the Medline and Scielo databases, followed by a manual search for relevant articles. Our review includes studies published between 1954 and 2007. Each publication was reviewed to identify author(s), study period, data source, perioperative mortality rates, and anesthesia-related mortality rates. Thirty-three trials were assessed. Brazilian and worldwide studies demonstrated a similar decline in anesthesia-related mortality rates, which amounted to fewer than 1 death per 10,000 anesthetics in the past two decades. Perioperative mortality rates also decreased during this period, with fewer than 20 deaths per 10,000 anesthetics in developed countries. Brazilian studies showed higher perioperative mortality rates, from 19 to 51 deaths per 10,000 anesthetics. The majority of perioperative deaths occurred in neonates, children under one year, elderly patients, males, patients of ASA III physical status or poorer, emergency surgeries, during general anesthesia, and cardiac surgery followed by thoracic, vascular, gastroenterologic, pediatric and orthopedic surgeries. The main causes of anesthesia-related mortality were problems with airway management and cardiocirculatory events related to anesthesia and drug administration. Our systematic review of the literature shows that perioperative mortality rates are higher in Brazil than in developed countries, while anesthesiarelated mortality rates are similar in Brazil and in developed countries. Most cases of anesthesia-related mortality are associated with cardiocirculatory and airway events. These data may be useful in developing strategies to prevent anesthesia-related deaths.
INTRODUCTION
Anesthesia has the potential to induce physiological changes that may lead to morbidity and mortality. As a result, it is commonly regarded as a high-risk activity. A number of investigators, however, have reported that anesthesia-related mortality rates have declined over the past two decades. This decrease has been attributed to a variety of safety improvements including improved monitoring techniques, the development and widespread adoption of practice guidelines, and other systematic approaches to error reduction. 1, 2 Nonetheless, trends in the frequency of anesthesiarelated mortality remain controversial. According to a recent review, 3 the literature reports a wide range of perioperative mortality rates, which is probably due to variable methodologies and differences in operational definitions and reporting sources, as well as a lack of appropriate risk stratification. Numerous studies have examined perioperative mortality. In these reports, the definitions for deaths in which anesthesia was the primary or a contributing cause varied widely, as did the time windows for the considered perioperative period. The perioperative period has been defined as intraoperative only, 12, 14, 16, 24, 33 intraoperative and recovery from anesthesia, 24, 29, 31 the first 12 postoperative hours, 34 the first 24 postoperative hours, 5,7,8,11,13,18,20,22,26,28,30,32,33 two or three postoperative days, 3, 9, 10, 17, 35 or seven postoperative days. 6, 19, 21, 23, 25 Furthermore, mortality incidence may depend on the surgical population. Several studies examined all types of surgery, [3] [4] [5] [7] [8] [9] [10] [11] [12] [13] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] 35 while others excluded surgeries in ASA V patients, 34 cardiac surgeries 14, 24, 33 or obstetric surgeries. 6 These wide variations based on methodological differences as reported in the literature make it impossible to detect trends in anesthesia safety. 3 Large-scale and national studies of anesthesia-related mortality have been performed in some countries to confirm whether the mortality rate has indeed decreased. 11, 17, 20, 21, 23, 25, 26, 35 In Brazil, reliable data on anesthesia-related mortality have been collected, [27] [28] [29] [30] [31] but no nationwide study has been undertaken.
The purpose of our study was to perform a systematic review of the Brazilian and worldwide literature in order to evaluate the incidence and causes of perioperative and anesthesia-related mortality.
METHODS
The Medline (via PubMed) and Scielo databases were searched using the subject keywords "mortality, cardiac arrest and anesthesia". We also used the "related articles" function on PubMed and Scielo with the references of the studies. Publications were included in our review if their titles or abstracts were available in English or Portuguese and suggested a perioperative mortality rate related to anesthetic management in a general patient population over a specific period of time based on original data from at least 25,000 anesthetics. The review was completed in July 2008. Publications were excluded if the anesthetic management was limited to a particular technique or the patient population was limited to a particular procedure, associated disease state, or age group. Other studies on anesthesia mortality that offered additional relevant information were also examined. Mortality-triggering factors were assigned to one of three groups: (i) surgery-related; (ii) related to patient disease or condition; or (iii) anesthesia-related when anesthesia was the major contributor or represented an additional factor associated with patient disease condition or surgical factor.
Each publication was reviewed in order to identify the author(s), study period, data source, perioperative mortality rate (including all death-triggering factors), and anesthesiarelated mortality rate.
RESULTS
Database queries identified 33 publications reporting anesthesia-related mortality data, 28 from international investigators (Tables 1 and 2) and 5 publications by Brazilian  investigators (Table 3) .
Comparison of the literature data reported by investigators from different countries between 1954 and 1989 with those obtained from 1990 to 2006 showed that anesthesiarelated mortality rates decreased from 0.30 -7.91 per 10,000 anesthetics [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] (Table 1 ) to 0.10 -5.70 per 10,000 anesthetics 3, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [32] [33] [34] [35] (Table 3) . However, the highest anesthesia-related mortality rates were observed between 1990 and 2006 (3.3 to 5.7 per 10,000 anesthetics) and reported in studies performed in developing countries 18, 26 (Table 2 ). In Brazil, reported anesthesia-related mortality rates also declined from 2.28 per 10,000 anesthetics in 1986 27 to 0.12 -1.12 per 10,000 anesthetics between 1998 and 2006 [28] [29] [30] [31] ( (Table 2 ). Once more, the highest anesthesia-related mortality rates for the 1990-2006 period (20.14 to 28.2 per 10,000 anesthetics) were reported by investigators from developing countries 15, 18, 26 (Table 2 ). The studies conducted in Brazil between 1986 and 2006 also revealed increased perioperative mortality rates varying from 19.1 to 51.0 per 10,000 anesthetics [27] [28] [29] [30] [31] (Table 3 ). In both Brazilian 28, 30, 31 and worldwide 3, 9, 15, 17, [20] [21] [22] 26 studies, the patient/disease condition represented the major perioperative mortality-triggering factor, followed by surgery and anesthesia. The incidence of mortality caused by surgical factors declined significantly during the last few decades. 17 Cardiovascular effects caused by the administration of anesthetic drugs and inadequate blood management during hemorrhage and anemia have been the major contributing factors to anesthesia-related mortality during the past twenty years, followed by airway management failure. 3, 20, 24, 31, [35] [36] [37] Of the factors associated with the patient condition/ disease or surgery, both Brazilian 29,31 and worldwide 22, 26 studies have pointed to trauma as the major cause of perioperative mortality, followed by end-stage liver disease and liver transplantation-related complications, complications associated with cardiac surgery, and exsanguinating hemorrhage at operation associated with the primary disease.
In newborns and children under one year 11, 14, [21] [22] [23] 30 as well as in the elderly, mortality rates were higher than in young adults. 11, 12, 17, [21] [22] [23] 28, 35 Poorer American Society of Anesthesiologists physical status (ASA III to V) 11, 14, 29, 31, 34, 35 and emergency surgery 11, 12, 17, 21, 22, 27, 29, 31 have been considered risk factors for perioperative mortality. In addition, higher perioperative mortality incidence has been reported in males. 22, 28, 30, 31, 35 With regard to anesthesia type, perioperative mortality has been reported to be higher in patients undergoing general anesthesia as compared to those undergoing neuraxial anesthesia. 20, 27, 30, 31, 35 Mortality incidence during surgeries carried out under plexus block has been reported as practically zero. 29, 31, 34 A higher number of intraoperative deaths have occurred during cardiac surgeries, followed by thoracic, vascular, gastroenterologic, pediatric, and orthopedic surgeries. 20, 22, 28, 30, 31, 35 
DISCUSSION
Substantial differences in methodology make it very difficult to compare anesthesia-related mortality rates among studies. 3 Despite the difficulties, studies undertaken in different countries (Tables 1 and 2) suggest that anesthesia-related mortality rates are lower today than they were 20 years ago. The pioneering study of Beecher and Todd (1954) , 4 which covered the period between 1948 and 1952, reported an anesthesia-related mortality rate of 6.40 per 10,000 anesthetics. Over the past two decades, most of the published studies have reported anesthesiarelated mortality rates ranging from 0.5 to 1.0 per 10,000 anesthetics 3, 14, 22, 34, 35 or even lower, [15] [16] [17] 19, [23] [24] [25] 33 which is at least a ten-fold improvement. In support of this assertion, the authors of a nationwide survey performed in France in 1999 35 reported that, in comparison with data obtained in a previous nationwide study (1978) (1979) (1980) (1981) (1982) , anesthesia-related mortality in France seemed to be reduced ten-fold in that country.
Some Brazilian studies conducted at the same kinds of institutions point to the same trend. According to these 28 and to 0.12 per 10,000 in 1998-1999. 30 Other Brazilian studies in another institution reported lower and stable anesthesia-related mortality rates ranging from 0.85 per 10,000 anesthetics in 1988-1995 29 to 1.12 per 10,000 anesthetics in 1996-2004. 31 Considering the differences in patient risk and complexity of surgery five decades ago, it may be easy to conclude that anesthesia safety has dramatically increased over the past two decades. However, surveys of anesthesiarelated mortality carried out in developing countries over this period 18, 26 report rates of 3.30 to 5.70 per 10,000 anesthetics. According to Lagasse (2002) , 3 the number of anesthesiarelated deaths worldwide has not yet stabilized and one cannot detect trends in anesthesia safety until the causes of variation among studies have been fully understood and factored out. Lagasse highlights the fact that the causes of variation could represent real differences in anesthesia safety or just differences in the tools used to measure anesthesiarelated mortality in the various studies.
Although anesthesia-related mortality has been reduced in recent decades, such a reduction is insufficient because, as articulated by Macintosh in 1948, 36 the ideal goal is that zero anesthesia-related deaths should occur. Unfortunately, anesthesia still contributes to major and avoidable adverse effects and deaths, [37] [38] [39] and is still not completely safe in ASA I or II status patients. 3 In developed countries, perioperative-related mortality also seems to have decreased from 133. 4 (Table 2) . Nonetheless, Brazilian studies suggest no reduction in perioperative-related mortality rates. One study, 27 covering the period between 1982 and 1984, reported a perioperative mortality rate of 19 per 10,000 anesthetics, while studies performed in the last two decades reported higher incidences ranging from 21 to 51 per 10,000 anesthetics. 28, 31 Studies in developing countries have also reported high perioperative mortality rates (20.14 to 28.2 per 10,000 anesthetics). 15, 18, 26 Certain pre-existing morbidities such as trauma, sepsis, and multiple organ failure, which seem to occur at a high incidence in Brazil, 40 and in developing countries as well, [41] [42] [43] have certainly influenced perioperative mortality rates. Thus, weaker clinical statuses of patients undergoing anesthesia seem to be the main factor contributing to the higher perioperative-related mortality rates reported by authors from developing countries in comparison with studies from developed countries. The higher perioperative mortality rates observed among young adult males both in Brazil [29] [30] [31] and in several other countries 20, 22, 24, 35, 44 can be explained by the fact that men are more predisposed to trauma, violence, and vascular disease than women. Poorer ASA physical status and emergency surgery have been reported as risk factors for perioperative mortality 11, 22, 35 and are the only predictive factors of mortality after cardiac arrest. 45 Some investigators have reported an increased incidence of perioperative mortality in neonates and infants. 11, 14, [21] [22] [23] 30 Prematurity, congenital neurological disease, congenital heart disease, and other congenital defects place neonates and infants at a higher anesthesia risk than older children and adults. 45 On the other hand, more recent studies 20, 24, 30, 34, 45 have reported lower perioperative mortality rates in children from 1 to 12 years old. Some reports 11, 12, 17, [21] [22] [23] 28, 35 have identified advanced age (70-80 years) as a risk factor. However, in one report, 21 age itself was not found to be an independent risk factor. Anesthesia-related cardiac arrest and deaths in 70-80 year old patients seem to be increasing, especially during hip arthroplasty surgery. 17, 24, 34 In France, the annual rate of anesthetic procedures between 1980 and 1996 increased from 6.6 to 13.5 per 100 people. Increases were greater in the elderly and in those with higher ASA physical status. 46 If this trend were global, it could indicate improvements in anesthesia safety because instead of an increase, a decrease in anesthesia-related mortality rates has been reported over the past 20 years in France. 35 Studies suggest that mortality is higher during general anesthesia than during neuraxial anesthesia. 24, 34, 47, 48 However, this may reflect the fact that patients with hemodynamic instability and a wider variety of more complex cases are surgically treated under general anesthesia. Such cases may include cardiac, thoracic, and neurological operators. Likewise, there may be a bias towards general anesthesia in emergency settings or for patients with coexisting medical conditions. Improved knowledge of neuraxial block physiology and the use of new and safer local anesthetics for the cardiovascular and central nervous systems, together with routinely used oxygen monitoring through pulse oximetry, have all decreased the frequency of major complications during neuraxial anesthesia. 49 On the other hand, mortality rates of zero have been observed during plexus block. Studies have shown that because there are no major respiratory and cardiovascular changes in plexus block mortality rates can be almost nil, and these low rates happened mainly after the introduction of newer local anesthetics with low myocardial toxicity,. 29, 31, 34, 47 Deaths caused by airway management failures seem to have decreased. 11, 20, 35 Morray et al. 45 suggested that the predominance of cardiovascular events in anesthesia-related cardiac arrest and mortality may be related to the frequent use of pulse oximetry and capnography and monitoring hardware that may be more effective in preventing respiratory rather than cardiovascular events. In 24 cases reported by the Danish Closed Claims Registry, four cases were related to airway management and two to ventilation management. 38 A review of pediatric anesthesia malpractice claims showed that the frequency of respiratory events as primary causes of cardiac arrest has decreased from 51% in the 1970s to 41% in the 1980s and to 23% in 1990-2000. 47 On the other hand, cardiovascular events joined respiratory causes as major risk sources in the 1990s. 50 Medication-related problems have been reported as predominant factors in cardiovascular events as primary causes of mortality. Findings of the Pediatric Perioperative Cardiac Arrest (POCA) Registry reveal that the rate of medication-related cardiac arrests decreased from 37% (1994) (1995) (1996) (1997) to 18% (1998-2004) . This decrease was attributed to the increased use of sevoflurane, which is a less severe myocardial depressant than halothane. 51 In addition, drug error in anesthesia practice is still a matter of concern and can lead to major problems and deaths. 29, 37 In a study of 6,894 cases of the American Society of Anesthesiologists Closed Claims Project covering the period between 1975 and 2000, the proportion of claims for respiratory-related damaging events decreased, while the proportion of claims for cardiovascular-related damaging events increased so that by the period 1992-2000, they occurred at the same frequency (28%). This trend was associated with an increase in the use of pulse oximetry and end-tidal carbon dioxide monitoring. However, the increase in monitoring and the decrease in death or permanent damage rates seemed unrelated. 52 Improvements should focus on these two most important areas in order to reduce the number of perioperative deaths. Continued education for anesthesiologists is crucial. However, one study demonstrated that poor practical application rather than lack of knowledge leads to critical incidents. 53 Major improvements in terms of perioperative morbidity and mortality seem possible with the application of simple anesthesia management principles, such as the routine use of an equipment checklist with documentation of the equipment check, direct availability of an anesthesiologist to lend a hand or troubleshoot when needed, no change of anesthesiologist during anesthesia, the presence of two anesthesia team members in emergency rooms, monitoring neuromuscular blockade, and when necessary, using muscle relaxant and opiate reversal to reduce perioperative morbidity and mortality after surgery and anesthesia. 53 A period of monitoring in a post-anesthesia care unit is now mandatory following all general, neuraxial, and regional anesthetics. For high-risk patients, continued monitoring in an intensive care unit may reduce anesthetic mortality. Inability to provide or failure to use these facilities may increase anesthesia-related mortality rates.
There are several methodological weaknesses associated with our study. For example, we fail to consider anesthesiarelated mortality reported prior to 1966 because of the temporal limitations of the Medline database. It is, therefore, difficult to verify that all relevant studies predating the Medline database (1966) studies and even after this date have been considered.
In conclusion, our systematic review of the literature confirms that perioperative mortality rates are higher in Brazil and other developing countries than in developed countries. Anesthesia-related mortality rates in Brazil and in developed countries are similar and lower than 1 per 10,000 anesthetics. Major risk factors for mortality are apparent for newborns, children under 1 year of age, the elderly, males, patients of ASA III or poorer physical status, emergency surgeries, during general anesthesia, and in cardiac, vascular, thoracic, gastroenterologic, orthopedic, and pediatric surgeries. Medication-related cardiocirculatory events and airway management accounted for the majority of the cases of anesthesia-related mortality. These data may be useful in developing prevention strategies.
